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A VALUE STREAM MAPPING (VSM) 

A.1 Value Stream Mapping icons 

LIST OF ICONS

( 119 ; 0,13% )

STORE POINT: Indicates if is 

necessary the material stored.

OPERATION: Indicates the name of the operation, the material 

obtained after the operation and the machines involved.

WH

MOVEMENT OF MATERIAL

Indicated with arrows. In brackets there are the number of pallets or trolleys 

moved and the percentage from the total number of movements that it 

represents. Movements are also classified acording to TYPE OF LINE.

- Continue arrow: indicates transport inside the 

same building (indoor transport).

- Dashed arrow: indicates transport between 

different buildings (outdoor transport).

( 763 ; 0,84% )

TYPE OF LINE:

TROLLEY: Indicates that in this arrow, transport is done using 

trolleys instead of pallets.

Suppl.

Client

Supplier warehouse

TRUCK MOVEMENT: receptions of materials from the 

suppliers or shipments of finished goods.

SLITTING

S1, S3

Client warehouse

Support coils

Coated rewind

 
Figure A.1: Value Stream Mapping icons. 
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A.2 Grouped Value Stream Mapping 

A.2.1 VSM Strips process grouped 

Presented on page 7. 

A.2.2 VSM Dressing length process grouped 

Presented on page 8. 

 

 

 



Study of the automation of the packaging/palletizing process in an adhesive dressing plant 7 

 

 
Figure A.2: Grouped VSM strips process. 
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Figure A.3: Grouped VSM dressing lengths process. 
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B FACTORY OBSERVATION 

This section is related with information that has been obtained observing the factory. 

B.1 Determining transfer, stacking time and velocit ies 

The Evaluator calculates the amount of hours needed to complete the movements of 

materials in the factory. But this calculation uses the following parameters which have been 

figured out studying the factory. 

- Velocity of each vehicle. 

- Stacking time of each stacking possibility: 

o Floor. 

o Height. 

o Superior height. 

- Transfer time of each vehicle. 

B.1.1 Velocities 

To find the velocities, each vehicle was observed 10 times doing a particular movement from 

one point to another. The observation included the distance and the time required to cover 

the distance; so it was possible to find the velocity of each observation. The average of these 

ten observations has been considered the final velocity of each vehicle. 

 

ELECTRIC 

TRUCK 
TROLLEYS 

DIESEL FORKLIFT 

TRUCK 
TRAIN TRILATERAL 

Observ 1 7,39 km/h 3,29 km/h 15,97 km/h 8,16 km/h 7,56 km/h 

Observ 2 6,55 km/h 3,67 km/h 10,20 km/h 8,65 km/h 9,58 km/h 

Observ 3 6,91 km/h 3,93 km/h 8,08 km/h 7,32 km/h 6,91 km/h 

Observ 4 6,87 km/h 4,51 km/h 10,20 km/h 7,04 km/h 6,38 km/h 

Observ 5 6,05 km/h 4,44 km/h 9,18 km/h 7,35 km/h 6,38 km/h 

Observ 6 6,60 km/h 3,62 km/h 9,39 km/h 7,87 km/h 6,38 km/h 

Observ 7 7,37 km/h 4,07 km/h 11,73 km/h 8,56 km/h 3,99 km/h 

Observ 8 5,90 km/h 3,32 km/h 10,85 km/h 7,71 km/h 7,42 km/h 

Observ 9 7,07 km/h 3,97 km/h 10,05 km/h 7,66 km/h 7,11 km/h 

Observ 10 6,34 km/h 3,71 km/h 11,15 km/h 7,58 km/h 5,72 km/h 

AVERAGE 6,71 km/h 3,85 km/h 10,68 km/h 7,79 km/h 6,74 km/h 

Table B.1: Velocities observations. 
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B.1.2 Stacking time 

The same procedure was used to find the stacking time of each stacking possibility (floor; 

height and superior height). In this case, 14 observations were done for each stacking 

possibility, recording the time needed to deposit or remove one pallet from the floor, one 

standard shelf (height) or one shelf from the WH (superior height). The following table shows 

the time in seconds of each observation and the average. 

 
FLOOR 
Time [s] 

HEIGHT 
Time [s] 

SUPERIOR 
HEIGHT 
Time [s] 

Observ 1 8,2 21,6 43,8 
Observ 2 9,1 30,7 33,0 
Observ 3 5,1 30,1 28,6 
Observ 4 20,3 5,1 33,1 
Observ 5 8,6 16,3 39,2 
Observ 6 6,1 19,3 34,4 
Observ 7 11,9 8,7 36,6 
Observ 8 5,3 42,5 40,3 
Observ 9 17,9 26,2 42,7 
Observ 10 20,8 27,3 25,4 
Observ 11 6,0 19,2 32,6 
Observ 12 17,7 16,4 24,7 
Observ 13 9,1 41,5 31,3 
Observ 14 6,5 20,0 33,8 

AVERAGE 10,90 23,21 34,25 

Table B.2: Stacking time observations. 
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B.1.3 Transfer time 

Transfers always happen between one electric truck and another vehicle (diesel forklift truck, 

train and trilateral truck). Transfers operations between these possible pairs of vehicles were 

observed to find the average transfer times. In the following table, times are in seconds. 

DIESEL FORKLIFT 
TRUCK Time [s] 

TRAIN 
Time [s] 

TRILATERAL 
Time [s] 

Observ 1 22,3 69,1 45,3 
Observ 2 39,3 54,2 58,3 
Observ 3 41,0 50,9 35,4 
Observ 4 20,4 67,2 52,1 
Observ 5 24,1 52,9 44,4 
Observ 6 26,4 42,1 59,6 
Observ 7 32,2 52,0 61,0 
Observ 8 33,9 58,1 37,8 
Observ 9 29,1 70,5 40,6 
Observ 10 35,7 58,4 41,0 
AVERAGE 30,4 57,5 47,6 

Table B.3: Transfer time observations. 

B.2 Work sampling 

B.2.1 Introduction 

In the section 4.6.2.2 from the report we wanted to know the percentage of time that 

transport staff dedicate to its three main activities: 

- Movement with material. Going to one place to another with some material on its 

vehicle. Apart from the transport it also includes the stacking time and transfer time if 

the pallet has to be transferred from one vehicle to another. 

- Movement without material. Going to one place to another without any material on its 

vehicle. 

- Support activities. 

To find out this issue we used a tool called work sampling. Work sampling consists in the 

application of statistical sampling theory to instantaneous observations made at random; in 

order to determine the percentage of downtime in a machine, group of machines, workers or 

group of workers [3]. In our case we will consider downtime the sum of the percentages of 

the activities Movement without material and Support activities. 

The percentage of downtime is the result of the division of the number of observations with 

the object of study not working between the total number of observations. 
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Ecuation B.1: Expression used to calculate the percentage of downtime [3]. 

Where: 

- d: percentage of downtime. 

- x: number of observations with the object of study not working. 

- n: total number of observations. 

This method has the advantage that without timing the operation it is possible to know the 

proportion between productive and unproductive times. The disadvantage is that it can be 

really costly if the number of observations is too high. In addition, if the number of 

observations is too low, the results obtained from the method can be very different from the 

reality. 

  



Study of the automation of the packaging/palletizing process in an adhesive dressing plant 13 

 

B.2.2 Application 

It is important to understand that work sampling is a time consuming tool which is not the 

main goal of our thesis. Theoretically it has to be applied considering all the variables like 

periods of time with more and less activity, shifts and workers. In our case, we used this tool 

considering different shifts and workers but only during seven days at the beginning of 2012. 

Observing the factory there are four different groups that have to be studied separately, 

because they work differently and as a result might have different downtimes. 

1. Transport staff using electric trucks in buildings PA and PB. (ElecTruck PA&PB). 

2. Transport staff using electric trucks in building WH. (ElecTruck WH). 

3. Transport staff using trilateral trucks in building WH. (Trilateral WH). 

4. Transport staff using diesel forklift truck and train outside. (Outside). 

5. Operation workers using trolleys. 

Doing a big number of observations for each group would have been too costly. For this 

reason, the company suggested focusing on the electric trucks from the buildings PA and 

PB. Due to that the great part of the observation are from this group. The following table 

shows the results from the work sampling study. 

TOTAL 1 Observ  % TOTAL 2 Observ  % 

ElecTruck Mov. with material 194 23%   Mov. with material 194 23% 

PA&PB Mov. without material 113 14%   Downtime 640 77% 

Support activities 527 63%        

ElecTruck Mov. with material 21 34%   Mov. with material 21 34% 

WH Mov. without material 14 23%   Downtime 40 66% 

Support activities 26 43%        

Trilateral Mov. with material 25 47%   Mov. with material 25 47% 

WH Mov. without material 18 34%   Downtime 28 53% 

Support activities 10 19%        

Total observations 948    Total observations 948  

Table B.4: Work sampling results. Time distribution according to activities. 

As the previous table, the work sampling study has been applied on three of the five groups 

that were defined previously. The percentages for the forth group: Outside, were determined 

using information from the book Almacenaje, manutención y transporte interno en la industria 

by Astrals Coma F, which showed the typical time distribution for a forklift truck [4]. That’s 

because observing the vehicles outside was very difficult, because they can move in a much 

bigger space than the other vehicles which are confined inside one building. 
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Transport staff using diesel forklift truck and tra in outside. (Outside) 
ACTIVITY PERCENTAGE OF THE TIME 

Movement with material 46% 
Movement without material 18,5% 
Not using the forklift truck (support activities) 35,5% 

Table B.5: Time distribution according to activities for the forklift truck and the train [4]. 

The percentages for the fifth group (operation workers using trolleys) are presented in the 

following table. This transports are done by operation workers and don’t have to do any 

support activity so the time for this activity is 0. Observing the factory it has been considered 

that they spend the same time moving the trolleys with materials and without them. 

Operation workers using trolleys. 
ACTIVITY PERCENTAGE OF THE TIME 

Movement with material 50% 
Movement without material 50% 
Not using the forklift truck (support activities) 0% 

Table B.6: Time distribution according to activities for the trolleys. 

B.2.3 Number of observations 

The number of observations depends on the confidence level and the margin of error 

desired. The following expression determines the number of observations required: 

� �
�	


	
�
1 � �̅

�̅
 

Ecuation B.2: Number of observations required [3]. 

Where: 

- n: total number of observations required. 

- a: coefficient of confidence level. 

o a = 2 for confidence level of 95%. 

o a = 3 for confidence level of 99,7%. 

- e: coefficient of margin of error, expressed in percentage. For instance if the margin 

of error desired is ±10% then e = 0,10. 

- �̅: percentage of downtime. 

This expression has been applied only to the group: Transport staff using electric trucks in 

buildings PA and PB. (ElecTruck PA&PB). That’s because as it has been said this is the 

group that the company decided to focus on. 
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We desired a confidence level of 95% and a margin of error of maximum ±4%. With these 

parameters, the minim number of observations required is 758. In our case, we did 834 

reducing the margin of error at 3,81%. 
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C KANBAN OF STRIPS 

C.1 Introduction 

In a pull system, the needs or requirements of a certain production process determines the 

production of the previous one. The aim of this is to obtain these materials in the right 

quantity and when they are required. In addition in a production system with a great number 

of products like the one studied, it has to be done agilely, quickly and frequently. This can be 

achieved using a kanban system. 

The kanban is a transmission system of production orders and collection orders of materials 

and products from the suppliers and production lines in class, amount and times that are 

required[2]. 

C.2 Kanban of strips from scenario 4 

Scenario 4 belongs to the first study where alternatives are not profoundly developed, for this 

reason the kanban of strips is a preliminary definition. Packaging machines of strips will 

consume the rolls of strips from the kanban and by doing this they will give the information to 

the strip formation machines about what product (belonging to the kanban) has to be 

produced.  

Due to that, one important step is to define which strip formation machines are going to work 

in the kanban system. There are fourteen strip formation machines (from F1 to F14) but not 

all of them can be included in the kanban. Two of them F12 and F13 belong to the strip 

formation family but have a peculiarity. Like the others they consume the same materials and 

form the strips, but apart from that they also package the strips in boxes. So in this case, 

strips don’t have to go to the packaging machines to do this operation. For this reason these 

two machines have been discarded from the kanban. Machine F14 is also discarded from 

the kanban of strips because it does a special product which is different from the normal 

strips. 

As a result there are eleven candidates to be transported from PA to PB and take part in the 

kanban, these are machines from F1 to F11. But there isn’t enough space for all this 

machines and the company is not interested in doing a kanban with all of them. So we 

focused on machines with big productions. The following table shows the percentage of 

production of these eleven candidates. 
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Percentage of 

the production 

F5 24,71% 

F1 19,00% 

F3 11,79% 

F2 9,62% 

F9 8,24% 

F8 7,85% 

F6 6,92% 

F7 5,28% 

F4 2,98% 

F10 2,92% 

F11 0,69% 

Table C.1: Production percentage of the strip formation machines. 

In this scenario we have chosen six machines that have important productions: F1, F2, F3, 

F5, F6 and F9. These machines produce around 80% of the amount of strips produced by 

the eleven machines that are in the table. To evaluate the scenario, we will consider that all 

the production from these six selected machine will be included in the kanban. These rolls of 

strips will be placed and transported using trolleys instead of pallets; as it happens in the 

dressing length kanban. These trolleys with the rolls of strips or empty, will be stored against 

the superior wall of building PB. 

C.3 Kanban of strips from scenario 7 

C.3.1 Introduction 

Scenario 7 belongs to the second study, which have alternatives that are more carefully 

analysed. Designing a kanban is really complex and would require a final thesis by itself so it 

is not the main goal of this document. In spite of that, we have done a preliminary study 

because we wanted to define and evaluate a realistic scenario. Apart from that if the kanban 

of strips is finally implemented this information could be useful and further developed. 

The number of machines taking part in the kanban is an important parameter. Like in 

scenario 4, from the fourteen forming machines, three are discarded (F12, F13 and F14) 

because they have some peculiarity. Due to that, eleven machines (F1 to F11) remain as 

possible candidates. The company is not interested in including all these machines in the 

kanban so a group have to be selected. 
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C.3.2 Number of different products 

Apart from the number of machines that are going to take part in the kanban of strips there 

are other parameters which are important. One of this parameters is the number of different 

products, in this case strips, that are included in the kanban system. For this reason, the first 

step was to analyse which products have been produced in each forming machines and in 

which quantities. 

We found that the eleven machines (F1 to F11) produced 163 different references or 

products during the latest years. Although some of the references were produced in more 

than one machine, the greatest part of the products was produced only in one. The following 

table shows the percentage of strips production and the number of different references 

produced in each machine. 

Percentage of 
the 

production 

Number of 
different 
products 

F5 24,71% 11 
F1 19,00% 10 
F3 11,79% 21 
F2 9,62% 52 
F9 8,24% 12 
F8 7,85% 9 
F6 6,92% 17 
F7 5,28% 12 
F4 2,98% 16 
F10 2,92% 4 
F11 0,69% 19 
TOTAL 100,00% 183 

Table C.2: Production percentage and number of different products manufactured of the strip 

formation machines. 

Notice that if we sum the number of different products that each machine produces the result 

is 183; but it has been said that there are only 163 different references. That’s because some 

of this references are produced in more than one machine so they are summed more than 

one time in the “TOTAL” of the previous table. 

The company has some experience of working with kanban systems because there are 

three of them working in the factory currently. For this reason, it knows that the kanban won’t 

work properly if the products introduced have very low production or they are not produced 

regularly. For this reason we discarded the machine F2; even though it has a good 

percentage of the production, it produces a really high number of different products. 
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We wanted to find which products have higher production, so the next step was to list the 

163 references and order them from high to low production. The following Pareto chart 

shows two things:  

- In blue and using the left vertical axis, the percentage of the production that each 

reference (from 1 to 163) has. 

- In red and using the right vertical axis, the cumulative percentage of the production. 

 
Figure C.1: Production of each product. 

It is easy to see that few products represent the greatest part of the productions because 

there are a lot of references with really low productions. The following chart shows a detail for 

these first 30 products that represent about 80% of the total production. 
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Figure C.2: Detail first 30 products: production per product. 

Looking at the previous chart, we decided to include in the kanban of strips the first 10 

products which represent more than 50% of the total production. The following table shows 

these 10 references, its productions (normal and cumulative) and the machine/s where they 

are produced. 

REFERENCE % PRODUCTION 
CUMULATIVE % 

PRODUCTION 

MACHINES WHERE THE 

REFERENCE IS PRODUCED 

1 13,05% 13,05% F6 F5 

2 9,44% 22,49% F1 

 3 6,41% 28,90% F6 F1 

4 4,95% 33,85% F7 F3 

5 4,29% 38,14% F6 F5 

6 4,09% 42,22% F8 

 7 4,03% 46,26% F6 F5 

8 2,66% 48,92% F1 F5 

9 2,61% 51,53% F9 

 10 2,56% 54,08% F7 

 

Table C.3: Details of the 10 products included in the kanban of strips. 

C.3.3 Number of machines 

It has been said that from the fourteen strip formation machines, three of them have been 

excluded because they do special processes, these machines are: F12, F13 and F14. Apart 

from that, machine F2 has also been excluded because due to its great number of different 

products, these references have too low productions. 

The number of machines included in the kanban is also important. In the following chart there 

are the products ordered from high to low productions (1 to 163) in the horizontal axis. Like in 
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the previous chart, the red line uses the right vertical axis and indicates the cu

percentage of production. The green area indicates the number of machines that have to be 

included in order to produce a certain number of products.

Figure C.3: Cumulative production percentage and

production. 

In the previous chart we see for example that the first 30 products represent about 80% of 

the production, and to produce these products 10 machines are required. The following chart 

is a detail of the first 30 products.
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As it has been decided, the first ten products have to be included in the kanban. the previous 

chart shows that to produce these 10 products, 7 machines are required. These machines 

required are the ones in the Table C.3: F1, F3, F5, F6, F7, F8 and F9. 

As a result, there are 10 products included in the kanban which are produced in 7 different 

machines. But apart from these 10 kanban products, these 7 machines produce other 63 

products which are not included in the kanban and have to be normally planned. Due to the 

others kanban systems that are already working in the factory, the company have experience 

in managing machines with some of its products wording in a kanban system and some 

working out of the kanban. But this case maybe different due to the fact that the number of 

products out of the kanban is very high. Anyway we considered that issues are out of the 

scope of our final thesis. 

C.3.4 Definition of the kanban 

There are 10 products included in the kanban which represent the 54% of the total 

production of strips. These products are manufactured in 7 different machines: F1, F3, F5, 

F6, F7, F8 and F9. Looking at the Table C.2, these machines produce 75,6% of the strips, 

these 75,6% of the production is divided in two groups: 

- Kanban part: 54% of it is included in the kanban (10 kanban products). 

- No kanban part: 21,5% of it is out of the kanban. 

The “Kanban part” of the production (54%) will be placed on trolleys once the strips are 

produced in the strip formation machines and stored in the strips kanban store point. The rest 

of the production won’t suffer any modification, strips will be placed on pallets once they are 

produced and sent to the building WH to be stored. 

In this scenario, the strips kanban store point has been located in the corridor. This point is in 

the middle of the way between the strip formation machines and the strips packaging 

machines. That’s the reason why this time the corridor is wider than in scenario 6. In scenario 

6 the only aim of the corridor was to connect both buildings while in this case the scenario 

has to store the trolleys with the rolls of strips. The following image, which comes from plan 

15 of appendix M shows the location of the kanban. 
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Figure C.5: Kanban of strips location in scenario 7. 

C.3.5 Inventory reduction 

As a result of the kanban of strips, it has been estimated that the inventory of the 10 products 

which are included in the system will be reduced about 50%. This estimation has been done 

with information from previous implementations of kanban systems in the company. This 

means a reduction of 116.156€ in the stock. 
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D MOVEMENT OF MACHINES 

D.1 Introduction 

Most of the scenarios presented in the final thesis have changes in the lay-out of the factory; 

so machines have to be moved. Transporting machines to its new destinations has an 

impact in the process so it repercussions have to be considered. Basically, while the 

machine is in the transport process it is out of order; but the company has to continue serving 

the demand. For this reason the production has to be anticipated increasing the level of 

stock. 

The company has done changes in its lay-out throughout its history; so it has experience in 

these situations. For these reason, this section has been developed with the collaboration of 

the technical department which plays an important role when machines are moved. 

D.2 Time needed and cost 

The time needed to complete the transport operation is the period in which the machine is 

out of order; so it is crucial to determine the increase of stock needed to serve the demand 

while the machine is stopped. The difficulty of the transport operation depends on the 

machine and on the origin and the destination of the movement. Looking at the scenarios 

described, all the machines that have to be transported can be classified into two groups of 

difficulty; big and small machines. Also analysing the scenarios, in almost all the movements 

the machines have to be transported from one building to another. It is less costly to move 

one machine inside the same building, but this only happens in scenarios 5 and 6 with 

machines F4 and F12. 

D.2.1 Big machines 

Big machines are obviously much more difficult to move than small ones. That’s because its 

transport operation is more complex due to the fact that the machine cannot be moved at 

once. First of all the machine has to be dismantled in blocks. After that, these blocks or parts 

have to be transported one by one to the new location. Then, the parts have to be 

reassembled reconnecting the wiring that was disconnected during the dismantlement. And 

finally the machine has to be readjusted in order to ensure that after the transport it works 

properly. Due to this complexity, to move a big machine, the company needs the 

collaboration of external staff from the machinery supplier which increases the cost of the 

operation. 
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The following table shows the big machines that have to be transported in one of the 

described scenarios indicating the time required and the cost of the operation. 

MACHINE TIME REQUIRED [working days] COST [€] 
PD1 10 20.000 
PD2 10 20.000 
PS4 10 18.000 
PS5 10 18.000 
PS7 3 3.000 

Table D.1: Movement of machines details: time required and cost. 

It is important to understand that from an economic point of view the money needed to move 

the machines is an investment while the increase of stock is a cost which cannot be 

considered an investment. 

D.2.2 Small machines 

The transport operation of a small machine is much easier than in the previous case because 

they can be moved practically in one block. Due to that the dismantling and reassembling 

task don’t take place and the transport and readjustment is much simpler. For these reasons 

its transport operations can be carried out without external staff, very rapidly and at lower 

cost. 

The following list shows the small machines that have to be transported in one of the 

described scenarios: C1, C2, C3, F1, F2, F3, F4, F5, F6, F9, F12, F14, PD3, PD4, PD5, PS6 

and S4. It has been considered that to move one of these machines from one building to 

another, the time needed is less than one day and the cost is €1.250. The technical 

department suggested not considering the movement of one of these small machines inside 

the same building. 

D.3 Increase of stock 

As it has been explained, the time required to do the transport operation is used to calculate 

the increase of stock needed to cover the demand. It is important to understand that this 

increase of stock causes not an investment but a cost of the implementation. 

Because small machines can be transported in short periods of time, the technical 

department suggested considering increase of stock only for the movements of big 

machines. Actually, from the big machines only the increase of stock from PD1, PD2 and 

PS7 will be considered; that’s because machines PS4 and PS5 have one peculiarity. These 

machines manufacture products with a demand that is not very strong. For these reasons 
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they are not working every week and in their normal cycle of production they have periods of 

time of 10 days stopped. For this reason there is no need to consider the increase of stock 

because one of these normal periods without production will be used to move these 

machines. 

So the increase of stock in Euros has to be considered only for the machines PD1, PD2 and 

PS7; in each case, it has been calculated using the following expression: 

����
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Ecuation D.1: Stock increase value. 

Where 

- ShiftsLost: is the number of shifts lost due to the transport operation. 

- ProductionStandard: is the number of units produced in one shift. 

- UnitaryValue: is the value of one unit of product. 

Some of the previous information is considered confidential for the company. As a result of 

that, the procedure followed to obtain the increase of stock and the final result of the increase 

will appear in the thesis but without giving intermediate data such as the unitary value. 

D.3.1 Shifts lost 

The number of shifts lost due to the transportation operation has been calculated with the 

following expression: 

���������� � �������� � �������
���� 

Ecuation D.2: Number of shifts lost in one machine due to its transport. 

So the number of shifts lost is the product of the number of working days needed and the 

average of shifts that the machine works per day. That’s because the number of shifts that 

each machine works every day depends on the machine and on the period of the time 

because demand changes throughout the year. 

D.3.2 Production Standard 

The production standard is the number of units that one machine produce in one shift. The 

problem is that each machine manufactures more than one product; and depending on the 

product the machine has a different standard. To solve that, we calculated an average 

standard taking into account all the production orders of the year 2011. The following 

expression shows the way in which the average standard has found. 
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Ecuation D.3: Production standard average. 

Where: 

- ���      = the average standard. 

- "����# = the quantity of units of the production order n. 

- ���# = the standard of the order n. 

D.3.3 Unitary value 

As it has been said, the unitary value is the economic valuation of one unit of product. Like in 

the standard, each machine produces more than one product and each product has its own 

unitary value. As a result, it is necessary to find out an average unitary value. The expression 

needed is very similar than the one used to calculate the standard. 
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Ecuation D.4: Unitary value average. 

Where: 

- ��     = the average unitary value. 

- "����# = the quantity of units of the production order n. 

- ��# = the value of one unit produced in the order n. 

D.3.4 Quantification of the increase of stock 

Having all the elements of the Ecuation D.1 it is possible to find out the increase of stock 

needed for each machine. 

Machine Increase of stock 

PD1 208.206 € 
PD2 178.179 € 
PS7 18.632 € 

Table D.2: Increase of stock required. 

These are the increases of stock needed for each machine but it is important to understand 

one fact. In the case than more than one machine is moved, for example PD1 and PD2, the 

total increase of stock is not 208.206 + 178.179 = 386.385€. That’s because machines would 

not be moved ad once. 
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Figure D.1: Example of the stock level evolution while moving two machines. 

The previous chart show the conceptual evolution of the increase of stock in a situation 

where machines PD1 and PD2 have been transported. It has been said that the increase of 

stock is not 208.206 for PD1 and 178.179 for PD2 and that each machine needs 10 days to 

complete the transport operation.  

- First of all, during for example ten days the stock of machine PD1 increases to its 

value of €208.206. 

- After that, this machine stops its production and it is transported from day 10 to 20. 

During this period of time the stock of PD1 decreases due to the demand. 

- At the same time, the level of stock of machine PD2 begins to increase to its value of 

€178.179. 

- Finally, machine PD2 is transported from day 20 to 30 and during this period the level 

of stock decreases to its normal level. 

It is important to notice that the total increase of sock is not the sum of the maximum of PD1 

and the maximum of PD2. In our study, in order to calculate the total increase of stock we will 

consider that it is the 75% of the sum of the maximums. 
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E FIRST STUDY SCENARIOS INVESTMENS 

E.1 Scenario 1 

E.1.1 Palletizing system 

The palletizing system cost is showed in the next table. 

ELEMENT COST [€] 
CONVEYOR BELT 187.270  
CONVEYOR BELT COVER PB - WH 13.000  
ROBOT 3 PALLETS 179.000  
CONTROL PANEL 22.000  
INSTALLATION AND START-UP 39.000  
SOFTWARE 20.000  
Total 460.270  
Total + Taxes 543.119  

Table E.1: Palletizing system investment for scenario 1. 

The conveyor belt cost is detailed in the following table according to its components. 

Meters of 
conveyor belt 

90 degree 
curves 

Distribution 
mechanisms 

Sorting 
mechanisms 

PS1 57,5 2 1 1 
PS2 7,4 1 1 1 

PS3 16,2 2 1 1 

Total 81,1 5 3 3 

Unitary price [€] 1.700 4.600 4.600  4.200  

Subtotals [€] 137.870,00 23.000,00  13.800,00  12.6 00,00  

Total Conveyor belt €187.270,00 

Table E.2: Detail of the conveyor belt investment for scenario 1. 
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E.1.2 Working staff 

This investment is caused by the staff needed to develop and carry out the project and by 

other elements that are used by this staff. 

ELEMENT COST [€] 
Working staff 15.000 
Office consumables  80 
Software licences 1.750  

Total 16.830 

Table E.3:Working staff, consumables and software licences investment. 

The working staff concept is detailed in the following table. 

Hours Cost €/h Cost [€] 
Trainee Engineer 3.000  
Senior Engineer 100 120 12.000  
Total 15.000  

Table E.4: Working staff detail. 

This working staff investment will be applied to all the other scenarios. 

E.1.3 Investment scenario 1 

ELEMENT COST [€] 
PALLETIZING SYSTEM 543.119  
WORKING STAFF 16.830  
TOTAL 559.949 

Table E.5: Final investment for scenario 1. 
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E.2 Scenario 2 

E.2.1 Palletizing system 

ELEMENT COST [€] 
CONVEYOR BELT 465.918  
CONVEYOR BELT COVER PA - PB 13.000  
CONVEYOR BELT COVER PB - WH 13.000  
ROBOT 2 PALLETS 157.000  
ROBOT 3 PALLETS 179.000  
CONTROL PANEL 22.000  
INSTALLATION AND START-UP 39.000  
SOFTWARE 20.000  
Total 908.918  
Total + Taxes 1.072.523  

Table E.6: Palletizing system investment for scenario 2. 

 

Detail of the conveyor belt item: 

Meters of 
conveyor belt 

90 degree 
curves 

Distribution 
mechanisms 

Sorting 
mechanisms 

PD1 104,9 2 1 1 
PD2 49,1 3 1 1 
PS1 49,6 1 0 1 
PS2 10,1 1 1 1 

PS3 12,9 2 1 1 

Total 226,5 9 4 5 

Unitary price [€] 1.700 4.600 4.600  4.200  

Subtotals [€] 385.118 41.400 18.400 21.000 

Total Conveyor belt €465.918  

Table E.7: Detail of the conveyor belt investment for scenario 2. 

E.2.2 Investment scenario 2 

CONCEPT COST [€]  
PALLETIZING SYSTEM 1.072.523  
WORKING STAFF 16.830 (Same as scenario 1) 
TOTAL 1.089.353  

Table E.8: Final investment for scenario 2. 
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E.3 Scenario 3 

E.3.1 Palletizing system 

ELEMENT COST [€] 
CONVEYOR BELT 345.340  
CONVEYOR BELT COVER PB - WH 13.000  
ROBOT 2 PALLETS 157.000 
ROBOT 3 PALLETS 179.000 
CONTROL PANEL 22.000  
INSTALLATION AND START-UP 39.000  
SOFTWARE 20.000  
Total 775.340  
Total + Taxes 914.901  

Table E.9: Palletizing system investment for scenario 3. 

Detail of the conveyor belt item: 

Meters of 
conveyor belt  

90 degree 
curves 

Distribution 
mechanisms 

Sorting 
mechanisms 

PS1 57,7 2 1 1 
PS2 7,0 1 1 1 
PS3 15,9 2 1 1 
PD1 66,2 4 0 1 

PD2 3,5 2 1 1 

Total 150,2 11 4 5 

Unitary Price [€] 1.700 4.600 4.600 4.200 

Subtotals [€] 255.340 50.600 18.400 21.000 

Total Conveyor belt €345.340,00  

Table E.10: Detail of the conveyor belt investment for scenario 3. 
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E.3.2 Machine movements 

MACHINE COST [€] 
PD1 20.000 
PD2 20.000 
PS4 18.000 
PS6 1.250 
F14 1.250 
PD5 1.250 
C1 1.250 
C3 1.250 
C2 1.250 
PD3 1.250 
PD4 1.250 
Total 68.000 

Table E.11: Movement of machines investment for scenario 3. 

E.3.3 Investment scenario 3 

CONCEPT COST [€]  
PALLETIZING SYSTEM 914.901  
MACHINE MOVEMENTS 68.000  

WORKING STAFF 16.830 (Same as scenario 1) 
TOTAL 999.731  

Table E.12: Final investment for scenario 3. 

E.4 Scenario 4 

E.4.1 Machine movements 

MACHINE COST 
F1 1.250 
F5 1.250 
F3 1.250 
F2 1.250 
F9 1.250 
F6 1.250 
PS6 1.250 
F14 1.250 
PD5 1.250 
Total 11.250 

Table E.13: Movement of machines investment for scenario 4. 
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E.4.2 Investment scenario 4 

MACHINE COST [€]  
MACHINE MOVEMENTS 11.250  
WORKING STAFF 16.830 (Same as scenario 1) 
TOTAL 28.080  

Table E.14: Final investment for scenario 4. 

E.5 Scenario 5 

E.5.1 Machine movements 

MACHINE COST [€] 
PD1 20.000  
PD2 20.000  
PS4 18.000  
PS5 18.000  
PS6 1.250  
F14 1.250  
PD5 1.250  
C1 1.250  
C3 1.250  
C2 1.250  
PD3 1.250  
PD4 1.250  
S4 1.250  
PS7 3.000  
F1 1.250  
F5 1.250  
F3 1.250  
F2 1.250  
F9 1.250  
F6 1.250  
F4 (same building) - 
F12 (same building) - 
Total 97.750  

Table E.15: Movement of machines investment for scenario 5. 
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E.5.2 Investment scenario 5 

CONCEPT COST [€]  
PALLETIZING SYSTEM 914.901  (Same as scenario 3) 
MACHINE MOVEMENTS 97.750   
WORKING STAFF 16.830  (Same as scenario 1) 
TOTAL 1.029.481   

Table E.16: Final investment for scenario 5. 

E.6 Scenario 6 

E.6.1 Corridor 

With the technical department it was estimated that the construction of the corridor would 

cost €52.000. 

E.6.2 Investment scenario 6 

CONCEPT COST [€]  
PALLETIZING SYSTEM 914.901  (Same as scenario 3) 
MACHINE MOVEMENTS 97.750  (Same as scenario 5) 
WORKING STAFF 16.830   

CORRIDOR 52.000  (Same as scenario 1) 
TOTAL 1.081.481   

Table E.17: Final investment for scenario 6. 
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F TRANSPORT STAFF STUDY 

In this section will determine whether or not is possible to reduce the transport staff due to 

the fact that scenarios 3b and 7 need less time to undertake the transports. 

F.1 Current situation 

It is important to compare the improvements with the current situation; so first of all the 

present conditions will be analysed. In the section  4.6.2.2 of the report it has been explained 

how the transport time is divided. 

 
Figure F.1: Transport staff activities. 

The percentages dedicated to each of the three main activities (movements with materials, 

movements without materials and support time) depend on the vehicle and on the building 

where the staff is operating. 

Activity 
PA & PB 

Electric Truck  
WH Electric 

Truck 
WH Trilateral 

truck 
Train & Diesel 
Forklift Truck 

Mov. with material 23% 34% 47% 46% 
Mov. without material 14% 23% 34% 19% 

Support activity 63% 43% 19% 36% 

Table F.1: Time distribution according to activities. 

The evaluator provides the first column of the previous table; the movement with material net 

time. But it is necessary an extra 15% of the time needed to do additional manoeuvres, so 

dividing the net time by 0,85 we obtain the movement with materials gross time. 
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With the work sampling it has been determined the distribution of time for each group of 

transports. So using the information from the Table F.1 it is easy to obtain the times needed 

for the other two activities: Movement without materials and Support time. The result of the 

sum of these three elements is the total time for each group of transports. 

GROUP OF TRANSPORTS 

Movement 
with 

materials 
NET TIME 

Movement 
with 

mateirals 
GROSS TIME 

Movement 
without 

mateirals 

Support 
time 

Total [h] 

Inside PA Electric Trucks 722,74 850,28 495,27 2.309,79 3.655,34 

Inside PB Electric Trucks 622,00 731,77 426,24 1.987,84 3.145,85 

Inside WH Electric Trucks 1.237,42 1.455,79 970,52 1.802,40 4.228,71 

Inside WH Trilateral Trucks 1.164,82 1.370,37 986,67 548,15 2.905,19 

Outside Diesel Forklift Truck 504,51 593,54 238,71 458,06 1.290,31 

Outside Train 362,60 426,59 171,56 329,21 927,36 

Table F.2: Transport staff time according to activities for the current situation. 

Comparing the total number of hours required with the number of hours that a member of the 

transport staff works during the year is possible to estimate the number of people required 

according to our calculation. 

GROUP OF TRANSPORTS Total Time People 
required 

People 
rounded up 

Inside PA using Electric Trucks 3.655,34 2,2 3 
Inside PB using Electric Trucks 3.145,85 1,9 2 
Inside WH using Electric Trucks 4.228,71 2,5 3 
Inside WH using Trilateral Trucks 2.905,19 1,7 2 
Outside Train and Diesel Truck 2.217,67 1,3 2 
Total 16.453.76 12 

Table F.3: People required comparison between the reality and our calculation. 

The number of people has to be rounded up, because it is not possible to have a decimal 

number of people working. So according to our calculations 12 people are required to 

undertake all the transports. Actually, there are 16 people working in the transport staff, this 

difference is due to two reasons. 

- Our study doesn’t take into account one important task that the groups that work in 

the warehouse have to do. This task is unloading raw materials from the supplier 

trucks and placing these materials on the shelves, and the bringing the finished 

goods from its shelves to the truck were they have to be loaded. 

- The other reason is that it is necessary to have extra capacity of transport. If the 

transport staff is formed by exactly the number of people required according to the 

evaluator; then, they would be able to finish all the movements at the end of the year 
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but there would be a lot of cues and waiting times. That’s because the requirements 

of transport are not distributed at a regular intervals of time. 

F.2 Time study process 

This point would be used to explain the process used to calculate the total time for the 

scenario 3b and 7b. 

F.2.1 Activity: Movement with materials 

First of all the Evaluator provides the times for the activity ”Movement with materials” Net 

time. But remember (see Figure F.1) that we hav to add to this times the 15% of the 

additional manoeuvres obtaining the movement with materials Gross time. 

F.2.2 Activity: Movement without materials 

It has been considered that the time dedicated to the activity movement without materials is 

directly proportional to the time dedicated to the activity movement with material. For this 

reason the activity movement without material can be calculated using the following 

expression. 
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Ecuation F.1: Transport time without material proportional to the time with material. 

Where: 

- WhithoutMaterial = Time of the activity Movement without materials. 

- WithMaterial = Gross time of the activity Movement with materials. 

- %Without = Percentage of the time that the group of transport spend doing the 

activity Movement without materials. From Table F.1. 

- %With = Percentage of the time that the group of transport spend doing the activity 

Movement with materials. From Table F.1. 

The following example tries to illustrate this consideration: 

- Initially, a transport worker has to do 50 movements with materials inside one 

building, and the average distance of these movements is 40m. In these 

circumstances the worker spends 4 hours doing the activity movements with 

materials and 2 hours doing the activity movements without materials. 

- In a new situation, the worker has to do again 50 movements, but due to the fact that 

machines are closer and other improvements the average distance is 20m. Imagine 

that now; it needs only 2 hours to do the activity movements with materials. Because 
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the movements are shorter, it’s fair to think that the activity movements without 

materials will also be shorter in time. For these reason it has been considered that 

the time needed to transport the materials and the time moving without materials are 

proportional. 

F.2.3 Activity: Support 

On the contrary, it is believed that the time needed to do the support activities is not always 

proportional to the time of the activity movement with materials. Basically, it depends on the 

kind of support activities that the transport staff of each group has to do. 

F.2.3.1 Support activities directly linked to the t ransport of materials 

In that case it has been considered that the time needed to do the support activities is 

proportional to the time needed to move the materials. That’s the case of the group of 

transport “Outside using Train and Diesel forklift truck”. 

Unlike the other groups of transport, the worker that is working outside the buildings 

operating the train or the forklift truck don’t have to print and stick labels to the pallets, wrap 

pallets or use the computer or phones. Its support activities such as prepare the train, are 

directly linked to the transport of materials. For this reason it has been considered that the 

support activity time is proportional to the time needed to move the materials. 

F.2.3.2 Support activities not directly linked to t he transport of materials 

In that case it has been considered that the time need to do the support activities is not 

proportional to the time needed to move the materials. That’s the case of the following 

groups of transports: 

- Inside PA using electric trucks. 

- Inside PB using electric trucks. 

- Inside WH using electric trucks. 

- Inside WH using trilateral trucks. 

Some of the support activities of these groups are: register materials in the ERP system, print 

and stick labels to the pallets, wrap the pallets, communicate with the supply service team 

etc. The example from the previous page would be used to illustrate this consideration. 

- Imagine that in the initial situation, (50 movements with an average distance of 40m) 

the transport worker needed 4 hours to move the materials and 5 hours to do the 

support activities listed in the previous paragraph. 

- In the new situation the worker can complete the movements of materials with only 2 

hours but it will need the same time to register the materials, print and stick the 

labels, wrap the pallets etc.  
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For this reason the time needed to complete the support activities is not considered 

proportional to the time spend moving the materials for the groups of transports listed 

previously. In fact, the time in scenarios 3b and 7 would be the same as in the current 

situation with two differences that are explained below. 

Before the automation of the palletizing process (current situation) the transport staff from the 

transport groups “Inside PA using electric trucks” and “Inside PB using electric trucks” were 

doing the support activities that have been explained. But after the automation (scenario 3b 

and 7) some of these activities will be carried out by the robot instead of by the transport staff 

of these two transport groups. That’s because the robot prints and sticks the labels to the 

pallets and also wraps them with the plastic film. For this reason it has been considered that 

the time needed to do the support activities in scenario 3b and 7 would be the 70% of the 

time needed to do the support activities in the current situation. 

Apart from that, the robot is a really automated machine which doesn’t need a person all the 

time but it requires to be supplied with the materials that it consumes. These materials are 

mainly pallets and retractable film used to wrap the pallets. The time needed to supply these 

materials to the robot has been estimated in 460 hours. The study that has been used to 

calculate this figure is presented in the following point. 

F.2.3.3 Robot consumption of pallets and retractabl e film 

F.2.3.3.1 Pallets 

In the machines PS1,  PD1 and PD2, the number of secondary boxes per pallet is 294 or 

420 depending on the product. This study considers the worse case (highest consumption of 

pallets) that’s when all the pallets have only 294 secondary boxes. Knowing the number of 

boxes that each machine produces and the number of boxes per pallets, it is possible to 

figure out the consumption of pallets per hour of the robot. 

MACHINE Production 
boxes/min Boxes/pallet Consumption 

pallets/hour 
PS1 18 294 3,673 
PS2 12 182 3,956 
PD1 15 294 3,061 
PD2 7 294 1,429 

Total 12,12 Pallets/h 
In 8 hours (one shift) 96,95 Pallets 

Table F.4: Pallets consumption of each machine. 

For example for machine PS1: 
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Ecuation F.2: Example of the calculation of the pallets consumption. 

The robot takes the pallets from one buffer that is placed next to it and that has capacity for 

13 pallets. It has been considered that the worker attending the robot would not wait till the 

last pallet to be consumed, so he will restock the pallets when there still 2 pallets in the 

buffer. That means that every time that the robot has consumed 11 pallets, the worker has to 

do one restocking action. Taking into account the consumption calculated before, it is one 

restocking action every 55 minutes. 

F.2.3.3.2 Retractable film 

Observing the process, it has been estimated that the consumption of retractable film when 

these four machines are working is about 3 rolls every 8 hours. This means that the worker 

would have to do one restocking action every 160 minutes. 

F.2.3.3.3 Pallets and retractable film 

Summing the number of restocking actions per minute for each material is possible to find 

the total number of restocking actions per minute. The inverse of this number says that the 

worker attending the robot has to do one restocking action of pallets of film every 41 minutes. 

One restocking 
action every 

Restocking actions 
per minute 

PALLETS 55 minutes 0,018 minutes 
RETRACTABLE FILM 160 minutes 0,006 minutes 
Total 0,025 minutes 

One restocking action (pallets or film) every 41 minuts 

Table F.5: Pallets and retractable film consumption. 

It is clear that the robot doesn’t needs one person full time attending it; but it is important to 

estimate the extra work that it represents. 

Considering that the robot works 16 hours per day, 220 days per year and that the time 

needed to complete one restocking action is 5 minutes; the total time dedicated at the end of 

the year is 433 hours. This time would be summed to the support time activity of the group of 

transport: “Inside WH using electric trucks”. 
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F.3 Scenario 3b 

Using the procedure explained in the previous section it has been calculated the times for 

each group of transports. 

First of all, the net time of the activity “Movements with materials” obtained with the 

Evaluator, is used to find the gross time (with additional manoeuvres) of the same activity. 

 
Movements with materials 

GROUP OF TRANSPORTS Net time Gross time 
Inside PA using Electric Trucks 517 608 
Inside PB using Electric Trucks 564 663 
Inside WH using Electric Trucks 1.061 1.248 
Inside WH using Trilateral Trucks 1.164 1.370 
Outside using Diesel Forklift Truck 517 608 

Outside using Train 158 186 

Table F.6: Net and gross transport time for scenario 3b. 

After that, the times for the other activities are found. 

 
ACTIVITY (Times in hours) 

 

GROUP OF TRANSPORTS Mov. with 
materials 

Mov. 
without 

materials 
Support Total 

[hours] 

Inside PA Electric Trucks 608 354 1.617 2.579 
Inside PB Electric Trucks 663 386 1.391 2.441 
Inside WH Electric Trucks 1.248 832 2.236 4.315 
Inside WH Trilateral Trucks 1.370 986 548 2.904 
Outside Diesel Forklift Truck & Train 794 319 613 1.727 

Table F.7: Transport staff time according to activities for scenario 3b. 

As it has been done in the current situation, the total number of hours will be compared with 

the number of hours that a member of the transport staff works per year. 

GROUP OF TRANSPORTS Total [hours]  People People 
rounded up  

Inside PA using Electric Trucks 2.579 1,55 2 
Inside PB using Electric Trucks 2.441 1,47 2 
Inside WH using Electric Trucks 4.315 2,59 3 
Inside WH using Trilateral Trucks 2.904 1,74 2 

Outside Train and Diesel Truck 1.726 1,04 2 
Total 13.965 11 

Table F.8: People required for scenario 3b. 
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Now according to our calculation 11 people are required instead of 12 (see Table F.3 current 

situation). As in the current situation it has been considered that four extra people would be 

needed in order to load and unload the trucks and to give extra capacity avoiding cues and 

waiting time. So in this scenario the number of people working in the staff transport is 15, 

that’s one fewer than in the current situation. 

F.4 Scenario 7 

In the same manner the times for the scenario 7 have been calculated. First the gross time 

for the activity “Movements with materials” using the number given by the Evaluator. 

 
Movements with materials 

GROUP OF TRANSPORTS Net time Gross time 
Inside PA or PB using Electric Trucks 893 1.050 
Inside PA or PB using Trolleys 326 383 
Inside WH using Electric Trucks 983 1.157 
Inside WH using Trilateral Trucks 1.066 1.255 
Outside using Diesel Forklift Truck 353 416 

Outside using Train 142 168 

Table F.9: Net and gross transport time for scenario 7. 

After that, the times of the other two activities are found. 

 
ACTIVITY (Times in hours) 

 

GROUP OF TRANSPORTS Mov. with 
materials 

Mov. 
without 

materials 
Support Total 

[hours] 

Inside PA or PB Electric Trucks 1.050 612 3.008 4.670 
Inside WH Electric Trucks 1.157 771 2.236 4.163 
Inside WH Trilateral Trucks 1.255 903 548 2.706 
Outside Diesel Forklift Truck & Train 583 235 450 1.268 

Table F.10: Transport staff time according to activities for scenario 7. 
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Now these figures are compared with the number of hours worked by a member of the 

transport staff. 

GROUP OF TRANSPORTS Total 
[hours] People People 

rounded up 
Inside PA or PB using Electric Trucks 4.670 2,81 3 
Inside WH using Electric Trucks 4.163 2,50 3 
Inside WH using Trilateral Trucks 2.706 1,63 2 

Outside Train and Diesel Truck 1.268 0,76 1 
Total 12.808 9 

Table F.11: People required for scenario 7. 

In this scenario according to the calculations, only 9 people are required instead of 12 (see 

Table F.3 current situation). As in the current situation four extra people have been added in 

order to load and unload the trucks and to give extra capacity avoiding cues and waiting 

times. Theoretically, it would have to be 13 people but it has been considered to have 14 

people working in the staff transport. So the staff transport is reduced by two people. 
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G TOTAL TRANSPORT TIME 

In the previous section it has been calculated the amount of time that the transport staff 

require to undertake all the movements. But not all the transports are carried out by this staff; 

it has been said that trolleys are moved by operation workers; so in order to find the total time 

it is necessary to take into account this element. 

G.1 Current situation 

The following table is the Table F.2 but at the end there is an extra row for the trolleys 

movements. Like in the other vehicles, the “Movement with materials Net time” is obtained 

from the Evaluator. Then we have to consider an extra 15% to do manoeuvre to calculate the 

“Gross time”. As it has been explained in section 1.2.2 this group of vehicles spend 50% of 

the time moving with materials and the other 50% moving without materials. 

 
ACTIVITY (Times in hours) 

  

GROUP OF TRANSPORTS 
Mov. with 
materials 
NET TIME 

Mov. with 
materials 

GROSS TIME 

Mov. 
without 

materials 

Support 
time 

Total [h] 

Inside PA Electric Trucks 722,74 850,28 495,27 2.309,79 3.655,34 

Inside PB Electric Trucks 622,00 731,77 426,24 1.987,84 3.145,85 

Inside WH Electric Trucks 1.237,42 1.455,79 970,52 1.802,40 4.228,71 

Inside WH Trilateral Trucks 1.164,82 1.370,37 986,67 548,15 2.905,19 

Outside Diesel Forklift Truck 504,51 593,54 238,71 458,06 1.290,31 

Outside Train 362,60 426,59 171,56 329,21 927,36 

Inside PA using trolleys 127,93 150,50 150,50 0 301,01 

Total 16.453,76 

Table G.1: Total transport time for the current situation considering the three activities. 
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G.2 Scenaro 3b 

The same procedure has been followed to find the total time for this scenario. 

 
ACTIVITY (Times in hours) 

 

GROUP OF TRANSPORTS Mov. with 
materials 

Mov. 
without 

materials 
Support Total 

[hours] 

Inside PA Electric Trucks 608 354 1.617 2.579 
Inside PB Electric Trucks 663 386 1.391 2.441 
Inside WH Electric Trucks 1.248 832 2.236 4.315 
Inside WH Trilateral Trucks 1.370 986 548 2.904 

Outside Diesel Forklift Truck & Train 794 319 613 1.727 

Inside PA using trolleys 48,76 48,76 0 97,52 

Inside PB using trolleys 116,35 116,35 0 232,69 

Total 14.296,06 

Table G.2: Total transport time for scenario 3b considering the three activities. 

G.3 Scenaro 7 

The same procedure has been followed to find the total time for scenario 7. 

 
ACTIVITY (Times in hours) 

 

GROUP OF TRANSPORTS Mov. with 
materials 

Mov. 
without 

materials 
Support Total 

[hours] 

Inside PA or PB Electric Trucks 1.050 612 3.008 4.670 
Inside WH Electric Trucks 1.157 771 2.236 4.163 
Inside WH Trilateral Trucks 1.255 903 548 2.706 
Outside Diesel Forklift Truck & Train 583 235 450 1.268 
Inside PA or PB trolleys 383 383 0 766 
Total 13.574 

Table G.3: Total transport time for scenario 7 considering the three activities. 
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H TRANSPORT CONSUMPTION STUDY 

The aim of this section is to determine the reduction in the consumption of energy as a result 

of new and better material flow. To do this, the consumption of energy will be calculated for 

the current situation and for the scenarios analyzed in the second study (scenario 3b and 7). 

H.1 Current situation 

H.1.1 Consumption calculation procedure 

The vehicles used in the transport consume energy when they are being moved; either with 

materials or without them. The number of hours that the vehicles are used can be obtained 

looking at the Table F.2, and considering the columns “Movement with materials gross time”, 

and “Movements without materials”. 

GROUP OF TRANSPORTS 
Movement with 

mateirals 
GROSS TIME 

Movement 
without 

mateirals 

Movement 
time [h] 

Inside PA using Electric Trucks 850,28 495,27 1.345,55 
Inside PB using Electric Trucks 731,77 426,24 1.158,00 

Inside WH using Electric Trucks 1.455,79 970,52 2.426,31 
Inside WH using Trilateral Trucks 1.370,37 986,67 2.357,04 
Outside Diesel Forklift Truck 593,54 238,71 832,25 

Outside Train 426,59 171,56 598,15 

Table H.1: Movement time (with and without materials) for the current situation. 

This movement time is multiplied by the hourly consumptions of each type of vehicle, 

obtaining the energy consumption. Knowing the unitary cost of the electricity and the diesel it 

is possible to find the cost of the energy consumed by the vehicles used in the transport. 
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GROUP OF TRANSPORTS 
Movement 

time 
Hourly 

consump. 
Consumption  

Unitary cost 
[€/kWh] 

Cost [€] 

Inside PA Electric Trucks 1.345,55 2 kWh/h 2.691 kWh 0,12 €/ 322,93  

Inside PB Electric Trucks 1.158,00 2 kWh/h 2.316 kWh 0,12 €/kWh 277,92  

Inside WH Electric Trucks 2.426,31 2 kWh/h 4.853 kWh 0,12 €/kWh 582,31  

Inside WH Trilateral Trucks 2.357,04 4 kWh/h 9.428 kWh 0,12 €/kWh 1.131,38  

Outside Diesel Forklift Truck 832,25 3,5 l/h 2.912,87 l 1,356 €/l 3.949,85  

Outside Train 598,15 3,5 l/h 2.093,52 l 1,356 €/l 2.838,82  

Total Electricity 19.288 kWh 2.314,55  

Total Diesel 5.006,40 l 6.788,67  

Total 9.103,22  

Table H.2: Cost of the energy consumed by the transport vehicles for the current situation. 

H.1.2 Hourly consumptions 

The hourly consumptions considered for the electric trucks and the diesel forklift truck and 

the train are similar values than the ones given in the product data sheets that are presented 

in the Appendix L.  

- Electric truck: 1,5 kWh/h. 

- Diesel forklift truck (used also in the train): 3,5 l/h. 

- Trilateral truck: it has been estimated to be two times the hourly consumption of the 

electric truck. 

The vehicles presented in those data sheets have equivalent characteristics than the ones 

used in the factory. 

The data sheet of the electric truck gives the consumption of electricity from the battery of the 

vehicle, in our case we decided to use 1,5 kWh/h. But in fact, the consumption of electricity is 

higher because the batteries are not 100% efficient. A common value of battery efficiency is 

75%. 

In the case of the electric truck: 
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Ecuation H.1: Electric truck hourly consumption considering the efficiency of the battery. 
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In the case of the trilateral truck (it has been considered two times the hourly consumption of 

the electric truck): 
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Ecuation H.2: Trilateral hourly consumption of electricity. 

H.1.3 Comparison with the historic consumption 

The company records the consumption of diesel for each vehicle; so for the diesel forklift 

truck is possible to compare its real consumption with the one given by our calculations.  

H.1.3.1 Consumption calculated 

According to our calculations, this vehicle is used in two groups of transport, and its annual 

consumptions are: 

GROUP OF TRANSPORT CONSUMPTION 
Outside Diesel Forklift Truck 2.912,87 litres 
Outside Train 2.093,52 litres 
Total 5.006,40 litres 

Table H.3: Diesel consumption for the current situation according to our calculations. 

H.1.3.2 Real consumption 

The average consumption of the diesel forklift truck used in the transport of materials is 23,12 

litres/day. Considering 220 days/year, the total consumption of diesel of this vehicle is 

5.086,60 litres per year. This number is almost the same than the one obtained by our 

calculations. 
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H.2 Scenario 3b 

The same procedure is applied to find the energy consumption in this scenario. The first step 

is obtaining the movement time for each vehicle. 

GROUP OF TRANSPORTS 
Movement with 

mateirals GROSS 
TIME [h] 

Movement 
without 

mateirals [h] 

Movement 
time [h] 

Inside PA using Electric Trucks 608,19 354,25 962,44 
Inside PB using Electric Trucks 663,49 386,46 1.049,95 
Inside WH using Electric Trucks 1.247,71 831,81 2.079,51 
Inside WH using Trilateral Trucks 1.369,90 986,32 2.356,22 
Outside using Diesel Forklift Truck 607,90 244,48 852,39 

Outside using Train 185,89 74,76 260,65 

Table H.4: Movement time (with and without materials) for scenario 3b. 

After that it is possible to find the consumptions and the cost of the energy consumed. 

GROUP OF TRANSPORTS 
Movement 

time 
Hourly 

consump 
Consumption  Unitary cost  Cost 

Inside PA Electric Trucks 962,44 2 kWh/h 1.925 kWh 0,12 €/kWh 230,99 € 

Inside PB Electric Trucks 1.049,95 2 kWh/h 2.100 kWh 0,12 €/kWh 251,99 € 

Inside WH Electric Trucks 2.079,51 2 kWh/h 4.159 kWh 0,12 €/kWh 499,08 € 

Inside WH Trilateral Trucks 2.356,22 4 kWh/h 9.425 kWh 0,12 €/kWh 1.130,99 € 

Outside Diesel Forklift Truck 852,39 3,5 l/h 2.983,36 l 1,356 €/l 4.045,43 € 

Outside Train 260,65 3,5 l/h 912,29 l 1,356 €/l 1.237,06 € 

Total Electric 17.609 kWh 2.113,04 € 

Total Diesel 3.895,64 l 5.282,49 € 

Total 7.395,54 € 

Table H.5: Cost of the energy consumed by the transport vehicles for scenario 3b. 

In the current situation, the cost of the energy consumed the transport is €9.103,22, that 

means an annual saving of €1.707,68. 
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H.3 Scenario 7 

In this scenario the movement time required to find the cost of the energy consumed in the 

transport is presented in the following table. 

GROUP OF TRANSPORTS 

Movement 
with 

mateirals 
GROSS TIME 

Movement 
without 

mateirals 

Movement 
time 

Inside PA or PB using Electric Trucks 1.050,15 611,68 1.661,83 
Inside WH using Electric Trucks 1.156,65 771,10 1.927,76 
Inside WH using Trilateral Trucks 1.254,67 903,36 2158,03 
Outside using Diesel Forklift Truck 415,75 167,21 582,96 

Outside using Train 167,50 67,37 234,87 

Table H.6: Movement time (with and without materials) for scenario 7. 

After that the hourly consumption of each vehicle are used to calculate the cost of the 

energy. 

GROUP OF TRANSPORTS 
Movement 

time 
Hourly 

consump  
Consumptio

n 
Unitary 

cost 
Cost 

Inside PA or PB Electric Trucks 1.661,83 2 kWh/h 3.324 kWh 0,12 €/kWh 398,84 € 

Inside WH Electric Trucks 1.927,76 2 kWh/h 3.856 kWh 0,12 €/kWh 462,66 € 

Inside WH Trilateral Trucks 2158,03 4 kWh/h 8.632 kWh 0,12 €/kWh 1.035,86 € 

Outside Diesel Forklift Truck 582,96 3,5 l/h 2.040,36 l 1,356 €/l 2.766,73 € 

Outside Train 234,87 3,5 l/h 822,04 l 1,356 €/l 1.114,69 € 

Total Electric 15.811 kWh 4.742,92 € 

Total Diesel 2.862,4 l 3.881,42 € 

Total 5.778,78 € 

Table H.7: Cost of the energy consumed by the transport vehicles for scenario 7. 

Compared with the current situation it means an annual saving of 3.324,44€. 
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I COST ANALYSIS SCENARIO 3B 

I.1 Investment 

I.1.1 Palletizing system 

ELEMENT COST [€] 
CONVEYOR BELT 225.340 
CONVEYOR BELT COVER PB - WH 13.000 
ROBOT 4 PALLETS 201.000  
CONTROL PANEL 22.000  
INSTALLATION AND START-UP 39.000  
SOFTWARE 20.000  
Total 520.340  
Total + Taxes 614.001  

Table I.1: Palletizing system investment for scenario 3b. 

Detail of the conveyor belt element. 

Meters of 
conveyor belt  

90 degree 
curves 

Distribution 
mechanisms 

Sorting 
mechanisms 

PS1 57,5 2 1 1 
PS2 7,5 1 1 1 
PD1 21,8 3 1 1 

PD2 3,5 2 1 1 

Total 90,2 8 4 4 

Unitary price [€] 1.700 4.600  4.600  4.200  

Subtotals [€] 153.340 36.800  18.400  16.800  

Total Conveyor belt €225.340 

Table I.2: Detail of the conveyor belt investment for scenario 3b. 

I.1.2 Investment scenario 3b 

CONCEPT COST [€]  
PALLETIZING SYSTEM 614.001  
MACHINE MOVEMENTS 68.000 (Same as scenario 3) 
WORKING STAFF 16.830  (Same as scenario 1) 
TOTAL 698.831   

Table I.3: Final investment for scenario 3b. 



Study of the automation of the packaging/palletizing process in an adhesive dressing plant 53 

 

I.1.3 Amortizations 

The following table indicates the amortization of the assets: 

Asset Value [€] Amortization [years] Amortization [€/year] 
Palletizing system 630.831 10 63.083 

Table I.4: Amortization plan of the palletizing system. 

The palletizing system includes also the value of the working staff. That’s because the job of 

the working staff is required to make possible the start-up of the system and for this reason it 

should also be amortized. 

I.2 COSTS 

As a result of the implementation of the project there are costs which didn’t exist before and 

which cannot be considered investments. 

I.2.1 Increase of stock 

In section D.3 of the appendices, it has been explained the increase of stock that the 

company has to do as a result of the movement machine PD1, PD2 or PS7. As it has been 

said, because machines would not be moved at once, the total increment of stock is the 75% 

of the sum of the stocks of the machines individually. 

MACHINE 
MOVED 

STOCK 
INCREASE 

PD1 207.974 € 
PD2 178.120 € 
Sum 386.094 € 
Sum · 75% 289.571 € 

Table I.5: Increase of stock for scenario 3b. 

For the company the cost of the increase of stock is not the value of this increase, because 

at the end, the company is going to sell the stock. The cost is due to the fact that some 

money has to be used to produce stock earlier than what it is really needed. For this reason 

the increment of stock can be calculated multiplying the value of the stock by the time that it 

is stored due to the movement of machines and by an interest rate.  That’s because this 

money instead of being stored in the warehouse as finished goods, could be deposited in a 

bank account and the company would be receiving benefits for it.  
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It has been considered that the time that the stock has to be stored is 1,5 months (or 0,13 

years) and that the annual interest rate is 3%. 

289.571€ � 0,13�
�� � 3% � 		1.086€ 

Ecuation I.1: Cost of the increase of stock. 

I.2.2 Cost due to the palletizing system 

As a result of the implementation of the palletizing system there are some costs which didn’t 

exist before and should be taken into account. These costs are the electricity consumption 

and more important the maintenance costs. 

It has been considered an electricity consumption of 800€ during the first year when not all 

the system has been installed and 1.000€ for the following years. 

The following table estimates the maintenance cost which depends on the age of the system. 

YEAR 1 2 3 4 5 6 7 8 9 10 
COST [€] 4.000 4.890 5.780 6.670 7.560 8.450 9.340 10.230 11.120 12.010 

Table I.6: Maintenance cost of the palletizing system. 

I.3 Savings 

I.3.1 Operation workers 

Due to the automation of the palletizing process, it is possible to reduce the number of 

people working in the machines PS1, PS2, PD1 and PD2. The number of people that can be 

reduced depends on the average of shifts that the machine works every day and on the 

number of people that every machine needs to work.  

Some of this information is confidential, but it is only necessary to know that there will be a 

reduction in the staff of 6 people after the implementation of the project. 

It has been considered that the cost of one worker for the company is 40.000€/year. The 

palletizing system is implemented in two stages, for these reason, the savings due to the 

reduction of the staff will be: 

- First year: 3 people · 40.000€/year = 120.000€/year. 

- After the first year: 6 people · 40.000€/year = 240.000 €/year. 
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I.3.2 Transport staff 

As it has been calculated in section F.3, in this scenario the transport staff is reduced by one 

person. That’s a saving of 40.000€/year. 

I.3.3 Energy 

In section H.2 it has been calculated the energy reduction due to improvements in the 

material flow. This represent a saving of 1.707,68€/year. 

I.4 Net Present Value scenario 3b 

The following page shows the NPV for the scenario 3b. It is important to notice some issues: 

- As it has been explained in the report the horizon of study is 10 years divided into 

semesters. 

- Costs and savings presented in the NPV are affected by the inflation. For example, 

the saving of one worker will be 40.000€/year the first year, 40.000 plus the inflation 

the second year and so on. 

- The last row of the NPV shows the cumulative cash flow (not discounted) to give an 

idea of the pay-back of the project. 
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Period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 

Semester S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 

In
ve

st
m

en
ts

 Palletizing system -503.937   -110.065                                     

Working staff -16.830                                         

Movement machines   -68.000                                       

Total Investments -520.767 -68.000 -110.065                                     

C
os

ts
 

Stock Increase   -1.086                                       

Robot Maintenance   -2.000 -2.000 -2.445 -2.445 -2.890 -2.890 -3.335 -3.335 -3.780 -3.780 -4.225 -4.225 -4.670 -4.670 -5.115 -5.115 -5.560 -5.560 -6.005 -6.005 

Robot Energy   -400 -400 -513 -513 -525 -525 -538 -538 -552 -552 -566 -566 -580 -580 -594 -594 -609 -609 -624 -624 

Total Costs 0 -3.486 -2.400 -2.958 -2.958 -3.415 -3.415 -3.873 -3.873 -4.332 -4.332 -4.791 -4.791 -5.250 -5.250 -5.709 -5.709 -6.169 -6.169 -6.629 -6.629 

S
av

in
gs

 

Operation workers   60.000 60.000 123.000 123.000 126.075 126.075 129.227 129.227 132.458 132.458 135.769 135.769 139.163 139.163 142.642 142.642 146.208 146.208 149.864 149.864 

Transport staff   20.000 20.000 20.500 20.500 21.013 21.013 21.538 21.538 22.076 22.076 22.628 22.628 23.194 23.194 23.774 23.774 24.368 24.368 24.977 24.977 

Energy   427 427 875 875 897 897 919 919 942 942 966 966 990 990 1.015 1.015 1.040 1.040 1.066 1.066 

inventory                                           

Total Savings 0 80.427 80.427 144.375 144.375 147.985 147.985 151.684 151.684 155.476 155.476 159.363 159.363 163.347 163.347 167.431 167.431 171.617 171.617 175.907 175.907 

Cash flow -520.767 8.941 -32.038 141.418 141.418 144.569 144.569 147.811 147.811 151.144 151.144 154.572 154.572 158.097 158.097 161.722 161.722 165.448 165.448 169.278 169.278 

Discounted cash flow -520.767 8.618 -29.763 126.631 122.054 120.264 115.917 114.232 110.104 108.517 104.595 103.101 99.374 97.967 94.426 93.099 89.734 88.484 85.285 84.106 81.066 

Cumulative Cash flow -520.767 -511.826 -543.863 -402.446 -261.028 -116.459 28.111 175.921 323.732 474.876 626.021 780.593 935.166 1.093.263 1.251.361 1.413.082 1.574.804 1.740.251 1.905.699 2.074.977 2.244.254 

                      
NPV 1.297.044                      

Table I.7: Net Present Value for scenario 3b. 
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J COST ANALYSIS SCENARIO 7 

J.1 Investment 

J.1.1 Machine movements 

MACHINE COST [€] 
PD1 20.000  
PD2 20.000 
PS6 1.250  
F14 1.250  
PD5 1.250  
S4 1.250  
Total 45.000  

Table J.1: Movement of machines investment for scenario 7. 

J.1.2 Corridor 

With the technical department it was estimated that the construction of the corridor would 

cost €150.000. 

J.1.3 Kanban of strips 

It has been considered an investment of 22.500€ for the kanban of strips due to the trolleys 

that have to be bought and the working staff that would be required in order to implement the 

system. 

J.1.4 Investment scenario 7 

CONCEPT COST [€]  
PALLETIZING SYSTEM 614.001  (Same as scenario 3b) 
MACHINE MOVEMENTS 45.000   
WORKING STAFF 16.830  (Same as scenario 1) 

CORRIDOR 150.000   
KANBAN OF STRIPS 22.500   
TOTAL 848.331   

Table J.2: Final investment for scenario 7. 

J.1.5 Amortization 

The following table indicates the amortization of the assets: 



Pág. 58  Final Thesis 

 

Asset Value [€] Amortization [years] Amortization [€/years] 
Palletizing system 630.831 10 63.083 
Corridor 150.000 30 5.000 
Kanban 22.500 10 2.250 

J.2 OTHER COSTS 

J.2.1.1 Increase of stock 

MACHINE COST [€] 
PD1 207.974 
PD2 178.120 
Sum 386.094  
75% Sum 289.571  

Table J.3: Increase of stock for scenario 7. 

Following the same procedure as for the scenario 3b the cost of this increase of stock is: 

289.571€ � 0,13�
�� � 3% � 		1.086€ 

Ecuation J.1: Cost of the increase of stock. 

J.2.2 Cost due to the palletizing system 

As a result of the implementation of the palletizing system there are some costs which didn’t 

exist before and should be taken into account. These costs are the electricity consumption 

and more important the maintenance costs. 

It has been considered an electricity consumption of 800€ during the first year when not all 

the system has been installed and 1.000€ for the following years. 

The following table estimates the maintenance cost which depends on the age of the system. 

YEAR 1 2 3 4 5 6 7 8 9 10 
COST [€] 4.000 4.890 5.780 6.670 7.560 8.450 9.340 10.230 11.120 12.010 

Table J.4: Maintenance cost of the palletizing system. 
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J.3 Savings 

J.3.1 Operation workers 

The number of machines that have been automated is the same as in scenario 3b. For this 

reason the staff reduction is also of 6 people. 

- First year: 3 people · 40.000€/year = 120.000€/year. 

- After the first year: 6 people · 40.000€/year = 240.000 €/year. 

J.3.2 Transport staff 

As it has been calculated in section F.4, in this scenario the transport staff is reduced by two 

people.  

- First year: 1 person = 40.000€/year. 

- After the first year: 2 people · 40.000€/year = 80.000 €/year. 

J.3.3 Energy 

In section H.3 it has been calculated the energy reduction due to improvements in the 

material flow. This represent a saving of 3.324,44€/year. 

J.3.4 Savings due to inventory reduction 

As a result of the implementation of the kanban of strips there is a reduction in the inventory 

of the factory. This means that now, some money could be used to generate benefits in a 

bank deposit at a certain interest rate instead of being used in inventory. In this case, like in 

the increases of stock due to machine movements, we will consider an annual interest rate of 

3%. In section C.3.5 of this appendix it has been estimated that the reduction of stock is 

116.156€. So the annual saving due to the inventory reduction is: 

116.156€ � 3% � 		3.485€/�
�� 

Ecuation J.2: Savings due to the stock reduction for scenario 7. 

J.4 Net Present Value scenario 7 

The following page shows the NPV for the scenario 7. It is important to notice two issues: 

- Costs and savings presented in the NPV are affected by the inflation. For example, 

the saving of one worker will be 40.000€/year the first year, 40.000 plus the inflation 

the second year and so on. 

- The last row of the NPV shows the cumulative cash flow (not discounted) to give an 

idea of the pay-back of the project. 
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Period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 

Semester S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 

In
ve

st
m

en
ts

 

Palletizing system -503.937   -110.065                                     

Working staff -16.830                                         

Corridor   -150.000                                       

Movement machines   -45.000                                       

Kanban strips       -22.500                                   

Total Investments -520.767 -195.000 -110.065 -22.500                                   

C
os

ts
 

Stock Increase   -1.086                                       

Robot Maintenance   -2.000 -2.000 -2.445 -2.445 -2.890 -2.890 -3.335 -3.335 -3.780 -3.780 -4.225 -4.225 -4.670 -4.670 -5.115 -5.115 -5.560 -5.560 -6.005 -6.005 

Robot Energy   -400 -400 -513 -513 -525 -525 -538 -538 -552 -552 -566 -566 -580 -580 -594 -594 -609 -609 -624 -624 

Total Costs 0 -3.486 -2.400 -2.958 -2.958 -3.415 -3.415 -3.873 -3.873 -4.332 -4.332 -4.791 -4.791 -5.250 -5.250 -5.709 -5.709 -6.169 -6.169 -6.629 -6.629 

S
av

in
gs

 

Operation workers   60.000 60.000 123.000 123.000 126.075 126.075 129.227 129.227 132.458 132.458 135.769 135.769 139.163 139.163 142.642 142.642 146.208 146.208 149.864 149.864 

Transport staff   20.000 20.000 41.000 41.000 42.025 42.025 43.076 43.076 44.153 44.153 45.256 45.256 46.388 46.388 47.547 47.547 48.736 48.736 49.955 49.955 

Transport Energy   831 831 1.704 1.704 1.746 1.746 1.790 1.790 1.835 1.835 1.881 1.881 1.928 1.928 1.976 1.976 2.025 2.025 2.076 2.076 

inventory         3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 

Total Savings 0 80.831 80.831 165.704 169.188 173.331 173.331 177.577 177.577 181.930 181.930 186.391 186.391 190.963 190.963 195.650 195.650 200.454 200.454 205.379 205.379 

Cash flow -520.767 -117.655 -31.633 140.246 166.231 169.916 169.916 173.704 173.704 177.598 177.598 181.600 181.600 185.713 185.713 189.941 189.941 194.285 194.285 198.749 198.749 

Discounted cash flow -520.767 -113.402 -29.388 125.582 143.469 141.349 136.240 134.243 129.391 127.510 122.901 121.129 116.750 115.079 110.920 109.344 105.392 103.906 100.151 98.749 95.179 

Cumulative Cash flow -520.767 -638.421 -670.055 -529.809 -363.578 -193.662 -23.746 149.958 323.661 501.259 678.857 860.456 1.042.056 1.227.770 1.413.483 1.603.424 1.793.365 1.987.650 2.181.935 2.380.685 2.579.434 

                      

NPV €1.473.730                     

 

 

Table J.5: Net Present Value for scenario 7. 
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K COST ANALYSIS SCENARIO 7 CONSULTING 

COMPANY 

The cost analyses that appear in the previous appendixes have been carried out with the 

intention to reflect the reality and provide useful information for the company. For this reason 

they consider that the investment of the element “working staff” is formed by hours of a 

trainee engineer and hours a senior engineer. This is how the project was developed, but 

cost analyses of final theses are often done as if the company was contracting a consulting 

company which does the project. 

Compared with the previous one the cost analysis differs in the working staff element. 

ELEMENT COST [€] 
Working staff 54.000 
Office Consumables  80 
Software licences 1.750 
Subtotal 1 55.830 
Consulting company profit (15%) 9.491 
Subtotal 2 65.321 
Taxes (18%) 11.758 

Total 77.079 

Table K.1: Working staff as a Consulting company. 

Hours Cost €/h Cost [€] 
Engineer 600 70 42.000 
Senior Engineer 100 120 12.000 

Total 54.000 

Table K.2: Working staff detail. 

In this case the net present values would be different and it is presented in the following 

page. 
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Period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 

Semester S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 

In
ve

st
m

en
ts

 

Palletizing system -503.937   -110.065                                     

Working staff -77.079                                         

Corridor   -150.000                                       

Movement machines   -45.000                                       

Kanban strips       -22.500                                   

Total Investment -581.016 -195.000 -110.065 -22.500                                   

C
os

ts
 

Stock Increase   1.086                                       

Robot Maintenance   -2.000 -2.000 -2.445 -2.445 -2.890 -2.890 -3.335 -3.335 -3.780 -3.780 -4.225 -4.225 -4.670 -4.670 -5.115 -5.115 -5.560 -5.560 -6.005 -6.005 

Robot Energy   -400 -400 -513 -513 -525 -525 -538 -538 -552 -552 -566 -566 -580 -580 -594 -594 -609 -609 -624 -624 

Total Costs 0 -1.314 -2.400 -2.958 -2.958 -3.415 -3.415 -3.873 -3.873 -4.332 -4.332 -4.791 -4.791 -5.250 -5.250 -5.709 -5.709 -6.169 -6.169 -6.629 -6.629 

S
av

in
gs

 

Operation workers   60.000 60.000 123.000 123.000 126.075 126.075 129.227 129.227 132.458 132.458 135.769 135.769 139.163 139.163 142.642 142.642 146.208 146.208 149.864 149.864 

Transport staff   20.000 20.000 41.000 41.000 42.025 42.025 43.076 43.076 44.153 44.153 45.256 45.256 46.388 46.388 47.547 47.547 48.736 48.736 49.955 49.955 

Transport Energy   831 831 1.704 1.704 1.746 1.746 1.790 1.790 1.835 1.835 1.881 1.881 1.928 1.928 1.976 1.976 2.025 2.025 2.076 2.076 

Inventory         3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 3.485 

Total Savings 0 80.831 80.831 165.704 169.188 173.331 173.331 177.577 177.577 181.930 181.930 186.391 186.391 190.963 190.963 195.650 195.650 200.454 200.454 205.379 205.379 

Cash flow -581.016 -115.483 -31.633 140.246 166.231 169.916 169.916 173.704 173.704 177.598 177.598 181.600 181.600 185.713 185.713 189.941 189.941 194.285 194.285 198.749 198.749 

Discounted cash flow -581.016 -111.309 -29.388 125.582 143.469 141.349 136.240 134.243 129.391 127.510 122.901 121.129 116.750 115.079 110.920 109.344 105.392 103.906 100.151 98.749 95.179 

Cumulative Cash flow -581.016 -696.499 -728.132 -587.886 -421.655 -251.739 -81.823 91.880 265.584 443.182 620.779 802.379 983.979 1.169.693 1.355.406 1.545.347 1.735.288 1.929.573 2.123.858 2.322.608 2.521.357 

                      

NPV €1.415.574                     

 

 

Table K.3: Net Present Value for scenario 7 contracting the services of a consulting company. 
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L VEHICLE DATA SHEETS 

L.1 Stacker 

 
Figure L.1: Electric stacker data sheet from Jungheinrich for vehicles: ERC214z & 216z [10]. 

It has been considered an energy consumption of 1,5kWh/h. 
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L.2 Diesel forklift truck 

 

 
L.2: Diesel forklift data sheet from Jungheinrich for the vehicles: DFG/TFG 430s [10]. 

It has been considered an energy consumption of 3,5l/h. 
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M EVALUATOR 

M.1 Explanation 

The Value Stream Mapping was used to find the number of movements inside the factory, 

but it doesn’t take into account that some movements are much more costly than others. 

There are longer and shorter transports, different types of vehicles, some transports uses 

only one vehicle while others uses more than one etc. One indicator of the cost of one 

transport is the time required; so the objective of the Evaluator was to create a tool capable 

of providing the time spend to undertake the transports for a certain scenario. It also should 

be capable of provide this time divided into elements like materials or vehicles used. 

Basically, the Evaluator calculates the times required to undertake every single movement 

that have been introduced in the programme. Movements are defined by four elements: 

- The origin (it can be a machine or a store point). 

- The destination (it can be a machine or a store point). 

- The material being transported. 

- The vehicle used. 

The Evaluator It calculates the time needed to do every single movement taking into account 

three elements. 

- Stacking time:  when one pallet has to be moved from one place to another, the first 

and the last operation are called stacking operations. These operations are: reaching 

the pallet from its origin; and stacking the pallet on its destination. We have 

considered three stacking possibilities where the time needed for the vehicle to do 

the stacking operation is different: 

o Floor: the pallet is stacked on the floor. 

o Height: the pallet is stacked on normal shelves. 

o Superior height: the pallet is stacked on shelves of superior height. This 

happens in the WH where the shelves have more levels than in PA. 

- Distance time : represents the time needed to cover the distance from the origin to 

the destination. As it has been explained in the report, moving one pallet from one 

place to another may need more than one vehicle. In this case each vehicle is doing 

one stage of the transport. 

- Transfer time:  when more than one vehicle is needed to do one movement; the 

pallet has to be transferred from each vehicle to the following one, and this operation 

requires time. 
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M.1.1 Time expression 

To calculate the time required the Evaluator uses the following expression: 

A�.
BCD � �AB E
�1BC

F1BC

E
�2BC

F2BC

E
�3BC

F3BC

E
�4BC

F4BC

E �AC E A�ABCD 

Ecuation M.1: Expression used to calculate the transport time. 

The time needed to do one transport from location “i” (origin) to location “j” (destination) for 

the material “m” is the result of the sum of some elements. 

- �AB: Stacking time in the origin. Time needed to reach the pallet from the location “i”. 

Each location has assigned one particular stacking possibility, so the stacking time 

only depends on the location. 

- �AC: Stacking time in the destination. Time needed to stack the pallet in the 

destination “j”. Each location has assigned one particular stacking possibility, so the 

stacking time only depends on the location. 

- A�ABCD: Transfer time for the movement from location “i” to location “j” for the material 

“m”. It depends on the number of transfers needed and also on the vehicles that have 

to do the transfers. 

- 
GHIJ

KHIJ
 : These are the distance times: time needed to move the transport from “i” to “j”. 

It is a summation because if the movement needs more than one vehicle, it has to be 

done for each stage of the movement (from stage n=1 to stage n=4). The distance 

time is calculated dividing the distance of the stage by the velocity of the vehicle used 

in the same stage. 

There are four different distance times (D1/v1 to D4/v4) because one single movement could 

require up to four different vehicles (Figure M.1 shows this more complex case). The values 

of these four elements depend on the movement but they belong to one of these three 

cases. 

M.1.1.1 Intern transport 

The origin and the destination of the transport are in the same building. Then, only one 

vehicle is required and the expression has only the second distance element (with the 

distance and the velocity of this vehicle). All the others (D1/v1, D3/v3 and D4/v4 are zero). 

Because it only uses one vehicle the pallet does not have to be transferred from one vehicle 

to another so the transfer time is also zero. 
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A�.
BCD � �AB E
�2BC

F2BC

E �AC 

Ecuation M.2: Ecuation in an intern transport. 

M.1.1.2 Outdoor transport not using the trilateral truck 

Extern transport that does not need the trilateral truck: The origin and the destination are in 

different building and its stacking options are “floor” or “height”. Here three vehicles are 

required: 

- An electric truck from the origin to the exit door of the origin building. This step uses 

the element (D1/v1). 

- An outdoor vehicle (forklift truck or train) from the exit door of the origin building to the 

entrance door of the destination building. This step uses the element (D2/v2). 

- An electric truck from the entrance door of the destination building to the destination 

(where the pallet is deposit). This step uses the element (D3/v3). 

- The forth distance time element (D4/v4) is zero in this case because it is reserved for 

the trilateral truck.  

- Because there are three vehicles used the transfer time element is not zero now, it is 

the sum of the time needed to transfer the pallet from the vehicle 1 to the 2 and from 

the vehicle 2 to the 3. The expression is then: 

A�.
BCD � �AB E
�1BC

F1BC

E
�2BC

F2BC

E
�3BC

F3BC

E �AC E A�ABCD 

Ecuation M.3: Ecuation in an outdoor transport not using trilateral truck. 

M.1.1.3 Outdoor transport using the trilateral truc k 

That’s an outdoor transport that needs the trilateral truck: The origin and the destination are 

in different building and one of its stacking options (either at the origin or at the destination) is 

“superior height” so the trilateral truck is needed. Here four vehicles are required: 

- An electric truck from the origin to the exit door of the origin building. This step uses 

the element (D1/v1). 

- An outdoor vehicle (forklift truck or train) from the exit door of the origin building to the 

entrance door of the destination building. This step uses the element (D2/v2). 

- An electric truck from the entrance door of the destination building to the beginning of 

an aisle where the pallet is transferred to the trilateral. This step uses the element 

(D3/v3). 

- A trilateral truck from the beginning of an aisle to the final destination where the pallet 

is stacked. This step uses the element (D4/v4). 
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- The transfer time element is the sum of the time needed to the three transfers 

required (1 � 2 � 3 � 4). Here all the elements are different from zero. 

The following image shows this case. 

 

Figure M.1: Example of a transport. 

It could be the opposite movement: origin in one shelf in the warehouse and destination in 

machine PS2. In that case the elements would be: 

- A trilateral truck from the origin to the end of an aisle. This step uses the element 

(D4/v4) because trilateral trucks always use this forth element. 

- An electric truck from the end of the aisle to the exit door of the origin building. This 

step uses the element (D1/v1). 

- An outdoor vehicle (forklift truck or train) from the exit door of the origin building to the 

entrance door of the destination building. This step uses the element (D2/v2). 

- An electric truck from the entrance door of the destination building to the destination 

where the pallet is deposit. This step uses the element (D3/v3). 

- The transfer time element is the sum of the time needed to the three transfers 

required (4 �1 � 2 � 3). Here all the elements are also different from zero. 
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M.1.2 Distance calculation 

One key part of the algorithm is the calculation, for every movement, of the distances (D1, 

D2; D3 and D4). To do this the programme determines in which section or chamber (see 

plan 2 appendix N) is located the origin and the destination. Then, there is one route defined 

for all the possible pair of chambers. There are a number of corridors and doors that the 

programme has and they are used to define the routes. A route is defined for the corridors 

that have to be used and the doors that have to be passed through if the origin is in chamber 

X and the destination is in chamber Y.  

The programme uses rectangular distance, and the corridors and doors that reflect the 

reality. It is also capable of simulating scenarios that have a corridor that connect both 

buildings PA and PB. In that case, the programme changes the routes that have to be used. 

M.2 User manual 

In order to use the Evaluator the user has to enable the macros when he opens the Excel 

file. The file, which is in the CD, has five sheets, and as it has been said in the report it has 3 

steps which are definition of the scenario, execution of the algorithm and visualization of the 

results. The following table shows the sheets of the file and which step they carry out. 

SHEET STEP 
MAIN MENU Execution of the algorithm. 
Dimensions Definition of the scenario. 
Inputs Definition of the scenario. 
Draw Visualization of the results. 
Results Visualization of the results. 
Results Table Visualization of the results. 

Table M.1: Sheets of the file and step that they carry out. 

M.2.1 Definition of the scenario 

M.2.1.1 Sheet: Dimensions 

This sheet defines the physical dimensions of the scenario 

- Buildings that form the factory. 

- Dimensions of these buildings. 

- Machines and store points that the factory has. 

- Location of the machines and the store points. Location is defined using Cartesian 

coordinate system (X ; Y). 
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- The location of the doors and the corridors that the vehicles have to use to go from 

one place to another. 

It has two lists, “Dimension List” on the left and “Sector/Chamber List on the right”. 

M.2.1.1.1 Dimension List 

It has a number of points that represent different things depending on its colour. 

- Green points: they are constructive points; they define the buildings that form the 

factory and their dimensions and walls. 

- Blue points: these are the doors and corridors that the vehicles have to use to go 

from one place to another. They are later used by the programme to calculate the 

distances. 

- Red points: they are machines. They define: 

o The number of machines that exist. 

o The properties of these machines: 

� Name (POINT NAME). 

� Its position (X and Y). 

� The dimensions of the machine; length in X and Y axes (Lx and Ly). 

� The stacking type of this machine; for machines always floor 

(STACKING TYPE). 

� The group to which this machine belongs, for example covering or 

slitting (MACHINE GROUP). 

- Grey points: they are store points. They define: 

o The number of store points that exist. 

o The properties of these store points: 

� Name (POINT NAME). 

� Its position (X and Y). 

� The stacking type of this store point; floor, height or superior height 

(STACKING TYPE). 

When a new scenario has to be evaluated, it is necessary to changes the position of the 

machines to reflect the new layout. 

M.2.1.1.2 Sector/Chamber List 

This list uses some constructive point from the previous table to define the sectors or 

chambers that the buildings have (see plan 2 of appendix N). This information don’t have to 

be change when a new scenario is evaluated because the building has the same chambers. 
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M.2.1.2 Sheet: Inputs 

It has four elements which are: 

- Movements list. 

- Other inputs table. 

- Material groups. 

- Places location. 

M.2.1.2.1 Movements list 

It defines the movements that the evaluator has to take into account. Movements are defined 

as in an Excel dynamic table. 

 
Figure M.2: Movements list. 

Detail of the previous image shows movements for the material “Cold seal” with origin in “F4” 

and designation in 11 different places. The forth column indicates the number of movements 

and the fifth column the vehicle used to do this movement. This information has to be 

changed if a new scenario is defined, but it has to follow the same structure. 

M.2.1.2.2 Other inputs table 

This is the purple table on the right side. The user can modify only the cells where the 

numbers or words are blue. 
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Figure M.3: Other inputs table. 

The user has to introduce. 

- Velocities of the vehicles. 

o The train transports more than one pallet in each movement. To take this into 

account the real speed of the train (7,79 km/h has to be multiplied by the 

number of pallets that are normally moved in each transport (25). 

- Stacking times for each stacking possibility. 

- Transfer time for each possible vehicle. 

- Indicate if there is a connection (corridor) that links the buildings PA and PB. That’s 

because the routes that the vehicles follow are different if there is these buildings are 

connected. 

M.2.1.2.3 Material groups 

It is a list that groups the materials defined in the “Movements list”. 

M.2.1.2.4 Places location 

The programme fills this table when the user executes the algorithm. It shows the places that 

the scenario has (machines and store points and its characteristics). 
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M.2.2 Execution of the algorithm 

Once that the scenario is defined the user has to execute the algorithm. To do this, the user 

has to go to the sheet “MAIN MENU”.  

 
Figure M.4: MAIN MENU sheet. 

In order to make a visual programme, the Evaluator has a plot tool that draws the layout of 

the scenario defined in the sheet “Draw”. Regarding this issue, in the sheet “MAIN MENU” 

the user can decide if he wants to activate the plot tool or not (the programme needs 10 

more seconds to make the draw). After making this decision the user can execute the 

algorithm by clicking the button “RUN THE MACRO”. 

M.2.3 Visualization of the results 

As it has been said, results are presented in three sheets: “Draw”, “Results” and “Results 

Table”. 

M.2.3.1.1 Draw 

The Evaluator draws the layout of the scenario in this sheet. Walls and doors are presented 

with black lines, machines are presented as yellow squares and store points as blue crosses. 

Machines and store points have a label with its name in order to identify them. 

 
Figure M.5: Detail of the building PA represented by the Evaluator. 
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This page has another important feature. It has a button called “Position finder” which gives 

the X and Y coordinates of the cell selected. This is useful when the user is defining a new 

scenario and has to move one machine or store point. The user can go to this sheet, select 

the place where he wants to place this machine or store point and click the “Position finder”. 

A message appears indicating the X and Y coordinates of this place. This numbers can then 

be placed in the columns X and Y for machine desired in the “Dimension List” of the sheet 

“Dimensions”. 

M.2.3.1.2 Results 

In this sheet results are presented in ten sections, each section has one heading in white 

capital letters with blue background. 

M.2.3.1.2.1 Total time 

This is the section number 1; here the number of hours needed to undertake all the 

movements is presented. 

M.2.3.1.2.2 Total time divided into materials and Movements divided into materials 

This is the section number 2 and has two elements. 

- Section 2 where the total time is divided into materials. 

- Section 2b (right side of the Excel sheet) where the number of movements is divided 

into materials. 

M.2.3.1.2.3 Total time divided into machine groups 

In section number 3 the total time is divided into the groups of machines. It is important to 

understand one thing. 

- One movement belongs to one group of machines if the origin or the destination of 

the movement is one machine of this group. 

- For this reason one movement can be counted two times. If the origin is a machine of 

one group and the destination is another machine of another group; this movement is 

counted in both groups. For this reason the sum of the times in this table is bigger 

than in the table that shows the time divided into materials. With the materials every 

movement is counted one time while here it can be counted two times. 

- If the origin and the destination of the movement is one store point it belongs to the 

group “Store � Store”. 

What has been just explained happens each time that one section of the results divide the 

time according to the groups of machines; but it won’t be explained anymore. 
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M.2.3.1.2.4 Total time divided into materials and machine groups 

In the forth section the total time is divided into materials and inside the materials divided 

again into the group of machines. The result is a chart with one bar for each material; in 

addition each bar has different colours according to the group of machines that are causing 

the transports. In the right side of the Excel sheet, there is a detail for each material. 

M.2.3.1.2.5 Total time divided into machine groups and materials 

This is the section number 5 and it analyses the same information than the previous chart, 

but in this case there is one bar for each machine group and different colours to represent 

the materials.  

M.2.3.1.2.6 Machine groups time divided into machines 

The sixth section has one chart for each group of machines. It is possible to see how the 

time is divided inside every group of machines between the different machines that form the 

group. 

M.2.3.1.2.7 Total time divided into type of transport 

Section number 7 divides the time according to the vehicles used to do the transports and 

buildings where these vehicles are used. 

M.2.3.1.2.8 Total time divided into type of transport and divided into materials 

Here, like in the previous section, time is divided according to the type of transport, but it also 

shows the materials that cause the transports in each case. 

M.2.3.1.2.9 Total time divided into distance time, stacking time and transfer time 

Here the total time is divided according to the distance time, stacking time and transfer time. 

M.2.3.1.2.10 Outdoor study 

This is the last section and it is focused on the outdoor transports. For this reason times are 

divided according to the pairs of building that can create an outdoor transport (WH � PB, PB 

� WH, WH � PA, PA � WH, PB � PA and PA � PB). It has two parts: 

- In the first part the total time and the movements are divided into the possible pairs of 

buildings and then into materials. 

- The second part also divides the time and the movements into the possible pairs of 

buildings and the outdoor vehicle used (diesel forklift truck and train). 
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M.2.3.1.3 Results Table 

This sheet has two tables. 

M.2.3.1.3.1 Table on the left side (detailed table) 

It shows for each place or location (machine or store point) all the movements and its time 

related with it. For a certain place this information is sorted by material and inside every 

material: 

- First movements where the place is acting as the origin. 

- Second movements where the place is acting as the destination. 

Movements and time subtotals for every material and for every place are also presented in 

the table. Due to the fact that the table is quite large there is a seeker tool at the top of the 

table. If the user desires to look the information regarding the machine F1, he has to write the 

name of the machine (or the store point) in the cell with blue characters and then click the 

button “GO TO PLACE”. 

 

Figure M.6: Seeker tool. 

M.2.3.1.3.2 Table on the right side 

This table is similar than the previous one but less detailed. For a certain place (machine or 

store point) it presents the time and movements with its links (other places with which it has 

movements). Here information is not divided according to the origin/destination or the 

material. This table is useful to analyse which links are the most important. Like the previous 

one it also has a seeker tool which works in the same way. 

M.3 Code 

As it has been said the Evaluator has been created in the programming language Visual 

Basic for Application. The code has not been presented in this appendix because it is so 

long. To give an idea of the complexity of the programme and the work that it required, the 

programme has more than 13.500 lines of code. 

In the Excel file, the code can be consulted going to the menu “Programador”, “Visual Basic”. 

 


